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CONFIDENTIAL
ABSTRACT

The Weapon System - The BAT 90mm test rifle No. 1 has been tested

on the pendulum mount at pressures in excess of 115 percent of the
rated maximum pressure, The test data are presented ard dis-
cussed.

A charge development program was conducted for the BAT 90mm
test rifle No. 1, as a part of a fin opening and spin test of the 90rmm
folding fin projectile., The test data are given,

The BAT 90mm Projectile - The theoretical estimation and experi=-
mental determination of a form factor for the BAT 90mm folding
fin projectile are discussed.

A study of fin opening problems as related to this projectile was
started and the test results are reported,

T119 Projectile - Two phases of projectile design, as related tc this
folding fin projectile, were investigated: (1) the effect of increasing
the housing diameter to such a degree that it might serve, in effect,
as a third bourrelet and perhaps minimize the shift of the projectile
in the rifle tube, and (2} the effect of oversize fin hinge pin holes
upaon projectile accuracy. The data from both investigations are pre-
sented,

Penetration Studies - A program was conducted to study the effect
of rotation upon standoff-penetration behavior, The test data are
presented and the results are discussed,

Fuzes - A study of methods of improving the graze sensitivity of the
T222 fuze assembly has continued. A ''potted lucky' design was
tested in this report period and test results are given,

A quantity of T267E14 fuzes are being assembled for testi {irings.
A device for producing prematures in electrically fuzed HEAT
shell, as an aid in a general study of prematures, has been designed

and will be tested,

The design of a point detonator assembly for the T31TMT fuze is
illustrated and discussed,
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THE WEAPON SYSTEM

Proof Acceptance Test,
90 mm. Test Rifle No. 1

The 90mm test rifle No. 1 has been
proof tested on the pendulum mount at
pressures in excess of 115% of the rated
maximum pressure of 17,206 psia which
was discussed in the Forty-First Progress
Report, December, 1953, The test data
are presented in Table I,

Round No, 6533 was a modified DRC669
proof slug weighing 11,5%' 1b. (Fig. 1)

assembled with a modified T52 polyethy-
lene case liner, M57 percussion primer,
and 105mm cartridge case, T53El, which
had been necked down to 90mm size,

Rounds Nos, 6719 and 6720 were DRC
758 proof slugs weighing 12,0*"' b,
(Fig, 2) assembled with modified T6é poly-
ethylene case liners, M57 percussion pri-
mers, and 105mm Cartridge Cases, T53El,
which had been necked down to 90mrn
size,

Tahle |

Proof Accoptance Test
90 mm. Test Rifle No. 1

L

f—— 3¢ —

e, | D -
& / /7 //7//////4 s rf L L L L 7
- p

* .
Round Proj. |ChargeWt|Chamber Press.| Velocity Recoil FlowRing
No. |wat (Ib) |(Ib.—oz.) [(M3Cu)psi) ¥* | Instrifps) | {Ib-sec)
6533 11.58 | 7-13 16, 850 2375 9,9 zo:
6719 11. 95 7-13 18, 600 4,2 Oo
6720 11.95 7-11 17, 550 2.8 0
* Propellent RAD 16415, MP, MS5, . 040 - inch web
** Average of two gages
r-- E  E S SE e — 9.20 - ——
o '__Tr“l . - - - - e et [ A 4
N LT L L, S

Pl

7 -
s

v/

Fig. 1. Modified DRC669 Proof Slug.
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Fig. 2. 90 mm.

Proof Slug.

Firestone Dwg. No. DRCI58.

The higher pressures for rounds No,
6719 and 6720 are attributed to the greater
projectile weight (11,95 1b, compared
to 11.58 1b.} and also to the decrease in
chamber volume of approximately 20 cu,
in. {5%) resulting from the use of the

0° flow ring and the DRC758

preof slug,

This combination occupies a greater vol-
umre of the chamber than the 20° flow ring
ard the mcdified DRC669 proof slug, The
forward recoil of round No, 6533 is pro-
bably due to the 20° flow ring which offers
less gas flow interference at the vent
entrance section than the 0° flow ring.
(Forty-First Progress Report).

Charge Development,
90 mm. Test Rifle No. 1

A charge development program was
conducted as a part of a fin opening and

spin test of the 90mm folding fin pro-
jectile, using propellent RAD 16415, MP,
M5, ,040-inch web in the 90mm test rifle
No, 1 with a 0° flow ring. The projectiles,
with blunt noses and two rubber "O" ring
obturators weighed 12,0* "' 1b, and were
assembled with modified T6 polyethylene
case liners, M57 percussion primers
and 90mm cartridge cases (DRF80). The
test data are shown in Table 1I,

Pressure-charge relationships are
shown in Fig, 3 for the 90mm folding
fin projectile and also for modified DRC
669 test slugs (data reported in Fig, 3,
Thirty-Ninth Progress Report, October,
1953), The method of least squares was
used to obtain the best straight lin= fit
of the data. Projectile velocities were
not obtained because of instrumentation
difficulties,

Table I

Charge Development
90 mm. Test Rifle No. 1!

Round
No

T

T
iProjectiie Wgt | Charge wgt*!Chomber Press | Recoll
Ubs) | Ub. uz)

6651
6652
6653
6654
6655

t
i 613

T
i 12,13 | 6-13

12,14 6-9
i1.9s | 6-8
12,14 b-12

® Propellent RAD 16415, MP, MS, . 040-inch web

®¢ Average of two gages

o)
)

(M3Culpsy ** | (Ib-sec)
14,200 170
14, 350 L1CA
12, 90¢ 9.9
11, 800 14,2

13, 9o0 17.0
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[PRESSURE (M3)(psi) _(Pﬂ. ‘

35°40

Folding fin projectile-wgt. 12.01b.

(@] Rubber "0" Ring Obturotor
22C-226P BreechBushing

___ _O'FlowRing |
Mod!fled DRCE669 Slug-Wgt.11.51b.
No Obturotion
CT 787 Breech Bushing

"Flow Ring

o

{ _CHARGE WEIGHT (I

b) (c gl

Fig. 3. Pressure . Charge Relationships.

Propellent RADI6415 MP, M5 .040.inch Web.
90 mm. Test Pifie No. |,

The large difference in pressure-charge
coefficients, 7163.6 psi/lb for the 90mm
projectile compared to 3770.4 psi/lb for
the proof slug (see Fig, 3), is probably
due to the higher lcading density, in-
creased projectile weight (11.5 1b, to 12,0
1h.) and abturation of the SOmm projectile.
The higher loading density results from a

decrease in chamber volume oif about 30
cu, in, The chamber volume was de-
creased by the use of the 0° degree flow
ring, the 90mm projectile, and the DRF
80 cartridge case all of which occupy
more of the chamber volume than the

35040! fiow ring,; proof slug and modi-

fied TS3E!l cartridge case.

Future Program

1, Effect of Obturation of Proof Slug
on Interior Ballistics of 90mm Test Rifle
No. 1.

Proof slugs with annealed copper ob-
turating bands (DRB-15-1031) Fig, 4, and
with grooves for the rubber '""O'" ring ob -
turator (DRB-15-1032) Fig. 5 have been
designed. DRC758-1 proof slugs will be
modified to produce the above designs.
The proof slugs wiih copper obturating
band, rubber "O" ring obturator, and no
obturation will be fired to determine the

4

effect of the obturators upon the interior
ballistics of the 90mm test rifle No, 1.
The effects of variable loading density
will be eliminated by using the same flow
ring, cartridge case, and position of proof
slug in the chamber throughout the ex-
periment, A forcing cone will be placed
in the 90mm test rifle in order to con-
sistently position the test slugs with ob-
turating bands,

2. Install piczo pressure stations
in the 90mm test rifles No, 1 and No, 2,

CONFIDENT!AL
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3. Obtain pressure data to determine
a Piezo/M-3 Copper conversion factcr
for the 90mm test rifies,

4, Obtain pressure-time curves with
various propeilents in the 90mm test rifles,

5. Obtain pressure-time curves at
low temperatures to assist iu the design
of the fin-opening mechanism of the 90mm
folding fin projectile,

Fig. 4. 90 mm. Proof Slug {DRB-15-1031).
With Asnesled Copper Obtureting Bands.

ﬁ_— 4¢3 ool

)
LT /

GIIIII I IIIIU

Fig. 5. 90 mm. Proof Slug {DRB-15-1032).
Witk Groove For Rubber “O" Ring Obturstor.
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90 MM. BAT PROJECTILE

Determination Of The Form Factor The fcllowing relations for the total
For The BAT 90 mm. Folding Fin drag coefficient were used to estimate
Projectile the form factor.,

Theoretical Estimation

K =Kg,+t K _+ K 2

The design of the folding fin projectile ° P D oe (2)
for the BAT 90mm rifle is based upon Kp = .#_‘__ (3)
that of the T119 105mm folding fin pro- ~ VU G(w)
jectile. The conical head of the 90mm N — Gt
projectile is approximately one-half cali-
ber longer than the conical head of the K, = total drag coefficient
T119,

Ky, = head drag coefficient
A form factor (i, , ) of 1,43 based

on the G, , drag function has been es- Kor
timated fer the 90mm folding fin pro-
jectile, The ballistic coefficient (C 3, )
for the 90mm projectile weighing 12,9
lb, was calculated to be ,67 from the

= skin friction drag coefficient

base drag coefficient

X
Q
o

"

iz, =1form factor based on G, ,

equation: drag function
C N . AN (1) /A = standard air density(5.217x 10*
22~ 4,47 Ib/in®*/ft).
U = velocity of projectile (fps)
where . .2
Glu) = f
C 2.2 = ballistic coefficient in (U)derag unction (1b/in /sec)
Ib/sq in
The val of K 1lat,
m = mass of projectile in lb i D203 Was calculated from

equation (3) using the form factor of the
T119 and Mach, No, 1,6 for which the
experimental data were presented in DRL

Report No, 240,

d = diamcter of projectile in inches
1, , = form factor

Kp,o33 = »218 for T119 with
2,032 caliber conical head
The above form factor for the 90mm

projectile was estimated from the form Kom, .5 +078 for 2,033 caliber head
factor for the T119 105mm projectile and from BRU Report No, 240
from experimental data relating head drag

and head length in BRL report No, 240, Kopi033~ Kougpep=e140 = Ko + Kpg
""Drag On Conical Heads', by H. P, Hitch=~ from equation (2)
cock, The form factor, i, , =1,6187,

was determined for the T119 105mm pro- KD“z.s:’OS3 for 2.5 caliber head
jectile in the Twenty-Fourth Progress from BRL Report No, 240
Report. The head length of the T1l19 pro-

jectile is 2,033 calibers as compared with .. Kp,s =.193 for folding fin pro-
2,5 calibers for the 90mm projectile, jectile with 2.5 caliber head

6
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The value of i, , =1.43 was calculated
from equation (3) using the value of K 025
=.193 at Mach No, 1.6, The value of the
form factor was assumed to be independent
of caliber size and projectile velocity.

Experimental Determination

A form factor (i, , =1.34) and ballistic
coefficient (C,, =.71) of the BAT 90mm
folding fin projectile were calculated from
time of flight, terminal velocity, initial
velocity, and angle of departure data ob-
tained on four projectiles fired at a 1000
yard range, The experimental data are
presented in Table III,

The time of flight was measured at a
range of 3008 ft, and the terminal velo-
city was measured as an average value
between 2991 and 3008 ft,

The Siacci theory and the G ,, drag
function were used to calculate the bal-
listic coefficient of the BAT 90mm pro-
Jectile., The following equations were

used:
<~ x

C'X = (S_ So) ("1)
o= L s.n 26,
Ce. ™ TA-AS (5)
S - Se _In]
- ~t
Ce= Sec B,(T-Ta) (6)

C = ballistic coefficient 1b/sq in
A = ratio of air density to

x = horizontal range (ft)

6, = angle of departure (deg)

t = time of flight (sec)

S, §, = Siacci space function
A, A, =Siacci Altitude function
T

» T,=3Siacci Time function
I, = Siacci I'nclination function

The subscript o denotes initial values.

Values of C were computed by sub-
stituting the proper values of experimental
data and Siacci functions, dctermined
from experimental data, in the above
equations, Equations (4) and (6) were
also used to determine a value of C by
assuming various values of terminal velo-
city until the final values of the space and
time functions were found which, along with
the initial values, gave equal values of
C (Cx »C«x) for hoth equations, The re-
sults of the calculations are presented in
Table 1V,

An average value of C, , =.71, with
a standard deviation of £ .02, was deter -
mined for rounds 6722-6724, The form
factor, i;,z =1, 34, was calculated from
equation (1) using the average vaiue of

Cz» =.7i, m=11,95, and d=3,537 in.

The calculated and experimentally de -
termined values for both form factor and
ballistic coefficient agree well within the
value of experimental error,

standard
Table 1V
Results Of Calculations
Terminol Velocity ;
Round Termina!
G Ce Cy Cx, Ct Colculoted *
No. x o (tps) Velocity
6721 -- -- .- .75 1638.5 -
6722 .69 .69 .69 o7 1639, 1619.0
6723 .72 .69 .71 .74 1680,0 1661,8
0724 .73 .70 .73 .72 1664,5 1669.9
*Values which made C, =

N
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Fin Opening Studies

In anticipation of fin opening problems
which may arise during the development
of the tail assembly of the BAT 90mm pro-
jectile, a fin opening study was planned
similar to that followed in the T119 pro-
gram, (See 40th Progress Report).

It has been established that fin-opening
is dependent upon pressure, housing ma-
terial, orifice diameter, shear ring thick-
ness, and housing-stop interference,
The housings of the first 50 BAT 90mm
projectiles were made from 755-T6 alu-
minum bar stock., An orifice diameter
of ,136 in, was calculated for a projectile
chamber pressure of 6000 psi at the muz-
zle of the gun, and the shear ring thick-
ness was set at ,030 £ .,005 in, The hous -
ing-stop interference was held between
.0075 and . 0115 in,

A group of these projectiles was fired
for accuracy and the data were reported
in the Forty-First Progress Report, In-
spection of the target showed that the pro-
Jectiles had fin openings in excess of the
designed spread of 9,2 +.2 inches,

To determine the cause for the ex-
cessive opening, two projectiles, similar
to the group mentioned above except that
one had a housing-stop interference of
«0165 inch, were fired through a series
of yaw cards into a recovery box, The
range data are shown in Table V, The pro-
jectile with the housing-stop interference
of ,0075 to ,0115 in. had a fin spread great-
er than ten inches while the projectile

4

with the .0165 in.interference gave a nor-
mal fin opening,

These resuits indicate that an adjust-
ment of the balance between orifice dia-
meter and of the stop-housing interference
was required, The orifice diameter was
reduced to ,113 in, from .136 in, and
pistons with the .113 in,diameter orifice
were assembled into five projectiles,
The housing~stop interierence was held
at ,016 in, The projectiles were fired
through a series of yaw cards into a re-
covery box. The range data are presented
in Table VI, Four gave normal fin open-
ing and one gave a partial opening which
was probably due to the low pressure,

Sixteen projectiles of this type were
then fired for accuracy at an 18 ft, by 18
ft. target at 2000 yards. The range data
are presented in Table VII, The first
round hit the target and a total of nine
hits were recorded. Probable errors
of dispersion were not . o'mputed., Ex-
amination of the target impacts showed
that the fins of five rounds had opened
only partially. It is evident that a satis -
factory balance of orifice diameter and
interference was not attained,

It is planned to alter the fin design
to enable it toc absorb a wider 1ange of
opening stresses, Under conditions of
excessive opening stress the fins have
failed at the tooth form as shown in Fig,
6. The tooth form will be moved away
from the end of the fin and an increase
in thickness of the fin at the tooth form
is also being considered,

Fig. 6.
Failure Of Fin Gear Tooth.
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Spin Measurements

Spin measurements of BAT 90mm pro-
jectiles were included in the firing pro-
grams of Tables V and VI, Values of
angular rotation versus distance were
obtained from yaw card imprints for two
rounds listed in Table V, The values
were plotted and the points were connected

vy smooth curves, The slopes of the
pletted curves were measured at intervals
of twenty feet and values of spin in revo-
lutions per second were calculated, Table
VIII lists these values and plots of spin
versus distance are shown in Fig, 7, Mea-
suremcnis at points further down range
are required to establish the peak spin
rate,

Table VIiII

Spin Versus Distance Down Range
BAT 90 mm. Projectile; Crifice Diametar, .136 in.
Fired From Smooth Bore Tube

Round 6546 l _Round 6547
(Jistance d, A‘b Ad’
i 27 /1y u o tips) A—-(vps) ft.) U (lps} — (rps)
10 . 625 2084 3,62 .55 2085 3.19
6C ! .95 2078 5.48 . 85 2079 4,91
80 i 1.175 2072 6.76 1.10 2073 6.33
100 1.40 2066 8,02 1,375 2067 7.89
120 1.625 2060 9,30 1.625 2061 9,30
140 | 1.8 2054 10,27 1.8 2055 10. 28
160 1.85 2048 10.52 1.875 2049 10.67
180 1,875 2042 10,64 1.925 2043 10.92

e

w~_ RANGE (1"0 W

S e

X

g e e u_ng'

Fig. 7. Spin Yersus Distance Down Range.
BAT 90 mm. Folding Fin Projectile.
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Values of angular rotation and dis-
tance for another five projectiles are given
in Table IX, Sinrce no projectile velocities
were recorded on this program, it was
not possible to compute projectile spin
in revolutions per second, However, pro-

jectile spin in degrees per foot can be
determined from plots of angular rotation
versus distance, Projectile spins (deg/ft)
versus distance down range are listed in
Table X and plots of these values are
shown in Fig, 8.

Table I1X
Angular Rotation Versus Distance Down Range
BAT 90 mm. Projectile; Orifice Diameter, .113 in.
Fired From Smooth Bore Tube

Card Distonce Rotation (degrees)o

No. (feet) Iproj. 27 | Proj. 28 | Proj. 29 | Proj. 30 | Proj. 3|
1 32. 195 177 282 10 245

2 60.3 207 193 292.5 23.5 259

3 11,2 256 254 334 71 309.5
4 149,2 307 324 380 115.5 367

5 178.4 353 388 424 | 175 421

a. Angle in each case is measured clockwise from a horizontal reference

line starting with Card 1.

Muzultiples of 360° have been added as required,

Table X

Spin (Deg./Ft.) Versus Distance Down Range
BAT 90 mm. Projectile
Fired From Smooth BRore Tube

. Spin (deg. /ft)
Distance
Projectile Number

ered) 27 28 29 30 3
40 «38 o D5 «30 .40 «43
60 .65 .83 D3 .58 .68
80 .88 1,13 e 15 .80 .93
100 1,08 1,38 OS] 1,00 1.15
120 1,28 1,68 1.15 1.30 1.4
140 1.45 1,98 1.33 1,55 1.6
160 1.55 2415 1,48 1.80 1.8
180 1,625 2.43 1,65 1.95 1.98
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It should be noted that the designed cant a cant angle of 40 minutes, Fins with
on the BAT 90mm {fin is 24,6 minutes, the proper cant will soon be available for
while the modified fins which were used test, and it is expected that they will pro-
in the above groups of projectiles had vide a lower level of spin rate,

T T

(]
(¢ J
8l

=
i

|__)"..Z g

PIN (deg /1

=
B
,)j—.

S S o I S [ R T

i[DISTANCE DOWN RANGE (feet)] = { =i :
S SN S S ———
[60] (8¢]  [100] Tl20y  [140] 1160, 180] (20

{40

Fig. 8. Spin Versus Distance Down Range.
BAT 90 mm. Folding Fin Projectils.
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T119 PROJECTILE

Projectiles With Large Diameter
Housings

Fin marks in the muzzle of the gun
have been observed in previous T119EIl
firing programs, It is felt that these fin
markings indicated that the undercut tail
cf the T119E1]l projectile permitted the
projectile to shift relative to the muzzle
as it emerged from the gun, It was there-
forc, decided to test a group of projectiles
with housing diameter large enough to
serve, in effect, as a third bourrelet and

perhaps minimize the shift of the pro-
jectile.

Twenty TIIEIIX projectiles were as-
sembled with a housing O.D, of 4,118 ~°°°
in., instead of the standard 3,938 °°°

in, O,D, The modification is shown in
Fig, 9,

Five of these projectiles were fitted

with blunt noses and were fired into a
sawdust filled recovery box, The range
data are presented in Table XI, The re-
maining fifteen were fired alternately
with ten standard TI19E1l rounds at an
18 ft. by 18 ft, target at 995 yards, The
range data are shown in Table XII,

In the accuracy test, both groups of
projectiles flew well and had normal fin
openings, Probable errors of dispersion
for the experimental group were +,44
mil vertical and 1, 50 mil horizontal while
the standard group gave probable errors
of dispersion of £.37 mil vertical and
+.,53 mil horizontal, The probable error
comparison is only indicative because
of the small size of the samples and be -
cause sighting difficulties were experienced
in the course of {iring which necessitated

a sub-grouping of both groups for probable
error calculations,

~00S

HOUSING _DIAMETER 4.118 IN.

Fig. 9. TUHISEIIX Projectile Modification,
Housing O.D. 4.118 in. Instesd Of 1938 in.
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Bad erosion was noted on the housings
of the recovered projectiles, A photo-
graph of a typical recovered tail assembly
is shown in Fig, 10, Such erosion has
never been noticed before on the standard
T119E1l projectile, It is believed that
the flow of powder gases through the con-

stricted area between ine enlarged v
and the lands of the gun was respon:h
for the erosion,

This modification will not be testent
further,

Fig. 10.

Recovered TIIGE! X Projectile Tail Assembly.

Stewing Erosion On Large Diameter Housing
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Test Of Oversize Hinge Pin Holes

A group of TI119EIll projectiles with
oversize hinge pin holes was prepared
to test the effect of the oversize hinge pin
holes upon the accuracy.

Ten housings were inspected and as-
sembled in projectiles. The inspection
data are shown below:

The projectiles were fired alternately
with ten standard TI119EI1l projectiles at
an 18 ft, by 18 ft, target at 995 yards.
The range data are presented in Table
XIlI, Probable errors of dispersion for
the experimental group were +, 49 mil
vertical and 1,44 mil horizontal, For the
standard group the probable errors of
dispersion were +,41 mil vertical and
t.53 mil horiz. ntal, Only the last eight
rounds ¢f each group were used in the
probable error calculations because it
became necessary to re-lay the T170E1l
gun in the rjgid mount during the firing,

Projectile Hinge Pin Hole Diameter =.2508+'0005 in
Number Measured Hinge Pin Hole Diaometers
T X1619 .256 . 256 L2565 L2525 252 L2525
X1611 L2515 L2533 . 254 L251 . 2563 . 2553
X1605 . 2555 . 258 . 262 . 259 . 260 .259 |
X1644 .257 . 259 . 256 .255 . 257 L2601 |
X1629 . 254 . 254 . 253 . 255 . 254 . 255 !
X1626 . 254 .258 . 254 . 2575 . 2545 .255 |
X1608 . 255 . 255 . 256 . 2515 L2515 . 257
X1662 . 252 . 255 . 257 . 2555 L2593 L2593 !
X1625 . 254 . 256 . 258 . 257 . 255 .256 |
X1617 . 260 . 2567 . 2555 L 257 . 2645 L264 |
Future Program
l, An sccuracy firing is being planned 3. Ten TUHSEIIX projeciiies with gilding

for three groups of projectiles, One group
has short bodies, short ogives, rounded
nose caps and T11YEIll tail assemblies,
The second group has short bodies, long
ogives, rounded nose caps and TII9ElN
tail assemblies. The third group has short
bodies but otherwise are standard TI119
Ell shell, These projectiles will be tested
to determine the effect of variable body
and ogive lengths on flight periormance.

2. Twenty TL9El projectiles have been
assembled with tracer capsules in the tail
assembly, The rounds will be fired to

detevnﬁina the "‘Elh’l’t‘,' and ]-ng#x nf

trace.

metal obturating bands have been fired
for accuracy from a TI37E3 gun with a
smooth bore tube, The results will be
reported in February.

4. Projectiles with 6,92 in, long fins
and double ""O" ring obturators will be
fired for accuracy, and for spin deter-
mination in the vicinity of the muzzle and
at 1000 yards,

5. A design incorporating a tapered
piston stop, which does not require knurl-
ing, has been tested in conjunction with
tests of maximum and minimum inter ~
ference in the fin opening mechanism of
the T1IGEIl projectile, The data have

not been reduced yet,
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PENETRATION STUDIES

Effect Of Rotation Upon Standoff-
Penetration Behavior

As the standoff distance is increased
the penetration of a non-rotated shaped
charge projectile rises te a maximum
and then either remains essentially cons-
tant or decreases at a rate dependent upon
the precisionof thc cone manufacturing, as-
sembly and loading process, This behavior
arises asa result of two facts: (1) that pene -
tration is nearly proportionii to jet length
and (2) that a velocity gradient exists
in jet and as the standoff distance increases
the jet lengthens. With unlimited stand-
off the ultimate effective length attained
by the jet is a function of the velocity
gradient in the jet, the precision of the
assembly and of the properties of the
material of which the jet is composed,
After the jet has reached as great a length
as its ductility will allow, it breaks up
into a number of particles which are then
each subject to different aerodynamic
forces and these particles spread or fan cut
at a rate dependent largely upon the symme -
try of the assembly. When the projectile
is rotated a new effect is noted:-a rotaticn-
al velocity gradient is superimposed upon
the linear velocity gradient, Under these
conditions the length of the jet at the in-

stant of incipient breakup is reduced and
a shorter optimum standoff and lower max-
imum penetration is to be expected, Fur-
thermore, once the jet has broken up into
particles the rotational effect causes these
particles to spread more rapidly and under
these conditions penetration falls more
rapidly with increased standoff than would
otherwise be true. Thus, for any given
shaped charge projectile assembly there
is an optimum standoff and a maximum
penetration and the values of both optimum
standoff and maximum penetration de-
crease with increasing rotational velocity.
The following experiment was undertaken
to determine the relative magnitude of
these effects.

A number of DRB398HW3 item 1 cones
(.100 wall thickness, 3,5 inch effective
diameter) were assembled in DRC376 test
assemblies with No, 2 nose rings as shown
in Fig, 11 and the penetration-standoff
curves were determined at 0, 15 and 30
rps. The inspection data for the cones
are shown in Table XIV and the penetration
data are shown in Table XVand Fig. 12,
The following tabulation shows the optimum
standdff and maximurn average penetrations
observed in this test a* each spin rate,

Spin Rate Optimum Standoff Max. Avg. Penetration
(rps) (inches) (inches Mild Steel)
0 15 21. 5
15 a5 19. 5
30 less than 7.5 aporox. 14,5 |
]

23
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It is recognized widely that the opti-
mum standoff for most conical liners is
greater than can be provided conveniently
within the requiremenis for aerodynami-
cally stable shell, An important conclusion
to be derived from this experiment is that

the above staternent is not true when the
shell must be rotated at a spin rate which
might otherwise be considered acceptable.
In such cases provision for increased
ogive length or standoff will result in a
~educed shaped charge effectiveness,
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Fig. 11. Test Assembly.
DRC176 Assembly With No. I Nose Ring.

ENETRATION (inches .S 1]

symbaol repre

Fig. 12. Penetration Yersus Standoff At VYarious Spin Rates.
DR33981W3 item ! Drawn. Copper Cone.
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Table XIV

Inspection Data
DRB398HW3 item 1 Copper, Drawn Cones

well Thickness Mox Woll Thickness |Max. Woll Waviness Concentricity— T.1.R %2
Cone inches variation-in. | inch | Bose Apex Cone Tip in
Number ["piax. l Min. { Avg Tronsve.'se[Lonqnud. 0.D. I 1.0. |Dotum |[Dotum Assembly
Specification
DRB398 HW3
ltein 1 . 105 . 100 L002  ,006 006 .006 .003 . 003 . 015 (Nominal)
A8 | T.anf L1086 J1080 " L0037 " ,004 Loo1 [ ,002] .008! "<.000 | .008 |
A82 .109 . 106 . 1068 .003 .002 . 001 .002 . 006 .012 .012
A83 L1100 104 .1065| .003 . 005 .001 ,002 .002 .004 .004
A84 .109° 105 L1062 . 003 .004 . 001 .002 .005 .008 .010
A85 .110]  .103 . 1060 . 005 . 004 .001 .02 . 005 .008 .013
ABb .109] 104 .1065 .001 .004 .001 .002 .005 . 004 . 004
AB7 L1081 ,104 .1058 .002 . 003 . 001 . 002 .004 .003 . 003
A88 <109, ,103, . 1062 . 002 . 006 .001 .002 .005 ! .004 . 005
AB9 L1100 .105 L1065, ,002 . 005 | . 001 .002 .005 .009 . 002
A90 L1100 105 . 1061 .001 . 005 . 001 .002 .002 . 006 . 008
A91 Los!  .101! .1034 .002 . 005 001 0021 .006 ' .010 . 005
A92 .107 .103 . .1050! 002 .002 | .002 | L002 | ,002 .008 | ,015
A93 .10 L1106 L1072} ,004| 003 .001 ' ,002( ,004| ,006 | 008
A4 . 106 ,103 . 1046 | .001! 003 .002 ! . 002 . 004 | . 006 . 005
A95 .109!' 103 .1059 .004 | ,004 .002 .002 .004 ! .006 | ,002
A96 .108/  .102i . 1055 .003: 006 .002 | .002| .00l | .004 | ,007
A97 <109, .l02 . 1049 .004 | ,007 .002 .002| 004 .004 | o1}
A98 .106)  .101 .1039 L0031 ,005 .002 | .002| 003 .005 .007
A99 .107 .103 . 1051 002,004 .002 . 002 .002 . 005 .007
A100 .109 .101 . 1049 .002 .007? . 002 | 002,004 . €04 .012
Al01 .105 .101 .1031 . 004 .C03 .002 | .002 . 004 .002 | .00}
A102 L1091 102 . 1054 .001 .007 .002 | .002 . 006 .004 | 004
A10} .108| .102 .1049 .002 . 006 . 002 .002 .004 ! 004,006
A104 108 101 .1048 .002 .005 .002 . 002 .004 | .008 | ,004
Ai05 .lo8| .10z . 1050 . 002 . 006 . 002 .002 .002 .002 | ,006
A106 L108! 103 ] . 1055 . 002 .004 .001 . 001 .003 . 003 . 008
A107 J107] L1022 . 1039 . 003 1 004 | .001 .002| 003 .004 | 008
Al08 .108 .102 . 1050 .002 .005 ! . 001 .002 . 003 .002 | ,003
A109 . 108 .103 ! .lo4¢ .003 .005 | .001 .001 . 004 .006 .0i2
All10 L1071 L102 . 1040 . 004 . 005 .001 .002 . 006 007 | ,012
Alll .107 .103 .104¢ .002 | ,004 .001 . 002 .003 .903 .007
All2 .107 .101; .1038 003 L0051 < ,001 .002 . 004 .007 ! ,008
Ail3 -108 103 .1019 .003 L0C5 .001 .001 .003 .002 | ,007
All4 | .108; .10l | .1038 | 004 .007 | < 001 | . 002 .004 .008 | ,015
AllS 2100 103 L1050 |, 003 .006 | < .00l i .002 . 004 .005s . ,008
Alle | ,109 .102 . 1049 . 004 005 .oc1 ! . 002 .002 | .003 1,009
Al17 | .108; .101' .1044! .003 .005 1 < .00l | .002 .00} .005 | 010
All8 L10%]  .1c4 L1056 | . 004 .005 | .00l | .002 .003 . 004 .004
All9 |  ,108;, ,103 .1052 1 ,003 .005 | .001 | .002 .003 . 000 .o15
Al20 | ,108! ,103 .1055 |  ,002 .004 ) < 001, .002 . 006 .006 | 007
Al2l | ,108! ,103 L1060} 002 . 004 002 . 002 .002 . 006 .013
Al22 | .109] .104 L1065 | o002 | . 008 .002 | . 002 . 004 .003 | .00v
Al2) .109,  .104 | .1063 | 002 | .005 .002 | . 002 . 003 .001 . 008
Al2a | 1100 .103, .1065 ! ,004% I . U006 .002 | . 002 . 004 .001 | .0le
A125 | ,109, .l011 L1052 4,003 . 007 .002 | .002 .003 L006 [ 012
Avg. ! ,1083 .1029 L1053 | ,0027  ,0048 .0013 .0016 0038 .0050! 0080
Std, Dev. +.0012 +.0014  +,0006  +,0003 +,0012  +,0007  +,0002 +.0014 +,0025 +,0038

Notes:
1.

Base datum is ,484 inch above base; apex datum is 3,202 inches above base,

2. The indicated measurement at each datum is the total indicator runout of the
liner's outside surfcoce relative to the register diameter, The difference be-
tween the runout ot the *wo datum planes is an indication of the lack of perpen-

L dicularity of the rcgister plane and the liner axis.

53¢
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Tabla XV

Penetration Data
DRB398HW3 Item 1 Copper, Drawn Cones
At Various Standoff Distances and Spin Rates

Round Comp B I'Standoft Rototion Penetration |Mox Soreod|{Std. Dev.
No. (ibs) | “(inches) (rps) linches M.S) | (in) (in.)
A81 2.52 i 7.5 0 22,00
AR2 2.50 ! 7.5 0 21,06
A83 2.52 i 7.5 0 20,50
AB4 2,52 i 7.5 0 21,44
A85 2.52 I 7.5 0 20,69

Avg. ?!_IT‘: 1.50 +.66
A86 | 2.52 15,0 0 21,44
A37 2.52 15,0 0 i 21,75 |
A38 | 2,52 15.0 o i 20,62
A89 f 2,52 15,0 0 21,56
A90 2,52 15.0 | 0 ! 21,94 |
Avg, 21,45 1,32 .51

A91 2,50 30,0 | 0 ! 14,50
AQ2 2.52 30.0 | ()} i 15.12
A93 2.50 30.0 0 19.94
A94 2,52 30,0 i 0 20,56
A95 2.50 30,0 0 20,75

i Avg, 18,77 6.25 +3,09

A96 2.50 7.5 ' 15 20,44
A97 2.52 7.5 | 15 17.50
A98 2.52 7.5 15 19.81
A99 2.52 7.5 : 15 18,81
Al00 2,50 7.5 15 20,62

Avg, 19.44 3.12 +1,29
' Al06 2.50 15,0 15 19,56
A107 2,52 15,0 | 15 19,56
Alos 2.52 15,0 15 20,25
Al109 ! 2,50 15,0 15 16,56
All0 2.52 i5.0 15 19,00
Avg., 18,99 3,69 1,44
I
]
Alle | 2.52 30,0 15 16.69
Ant 2.50 30,0 | 15 15, 44
All3 2.52 30.0 15 17,00

All9 2,52 30,0 | 15 12,38

A120 2.50 30.0 15 18,62
' Avg, TE0F 6.24 12,33

Atot ' 2.54 7.5 ! 30 14,44
A102 2,52 7.5 i 30 13,81
Al03 2.50 7.5 30 14,50
Al04 2,50 7.% ! 30 12.56
A105 2.52 7.5 30 15,25 .

Avg. 14,11 2,69 +1,00
]
Alll 2.52 15,0 0 . 10.19
All2 2.52 15.0 | 36 11,19 |
All} 2,82 15,0 30 13.38
All4 2,52 15,0 ! 39 10,75
AllS 2.50 15.0 | 30 | 12,62 |
: : Avg, 11.63 3.19 +1.34
1} 0
A2l 252 j0.0 | 300 | 9,31
Al22 2,52 30.0 30 I 9,44
Al23 2,50 30,0 30 ! 6.25 |
Al24 2.52 30.0 30 | 8.81
AL2S 2.59 30.0 30 i 6.62 |
| ' Avg. 5.09 | 2,82 +1.53
[ S SO 4 | - - '
Notes:
1, DKRB398 HW3 ltem | Drawn, Copper Con''s were assembled into DRC37o
test bodies using a No, 2 nose ring,
£, Adl rownds woere loaded at Ravenna Arsenal RAT 1.ofr Na, 413 with Comp. B
tlolston l.ot No, 4-1197,
3, Ali rounds were {ired at the Erie Urdnance Deput at the above listed standoffs
and spins,

26
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Future Program

1. Composite Cone Study

A series of bimetal cones with alumi-
num half shell inserts {(,020 in, thick)
and copper ocuter shells (DRB398HW3 itern
1) will be assembled to evaluate pene -
iration performance at standoffs of 2, 4
and 6 inches, A spin study is also planned.

Evaluation of Cones Made By
Electroforming.

Zo

A series of DRB268-5 copper counes,
made by an electroforming method, have
been manufactured for comparison with
machined cones of like design,

3. The Effect of Rotation on Alumi-
nuim Cone Performance,

A series of DRBE398 HW3 item 1 and
item 4 cones, machined from 2SF alumi-
num bar stock, will be tested for pene-
tration at various spin rates (0, 30, 45
and 60 rps at 7.5 in, standoff, Another
series will be rotated at the same velo-
cities but at the optimum standoff of about
42 inches,

4, Penetration Into Mild Steel Versus
Homogene ous Armor,

A series of penetration test rounds
composed of DRB398 HW3 Item 1 cones
in DRC376 test bodies were loaded and
will be fired at various standoffs and ro-

~
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tations to determine the effect of these
factors upon the penetration ratios for
mild steel and homogeneous armor,

5. Evaluation of Cones Made By Zinc
Die Casting,

A series of DRB398 HW3 cones are
being made by die casting zinc alloy Za-
mak 3. Standdff and spin tests are planned.

6.

Damage After Penetration

A series of rounds will be fired through
prescribed thicknesses of target plate
into an instrumented box. An effort will
be made to record the temperatures and
pressures in the box, Various types of
cones will be used,namely copper, bi-
metal copper plus aluminum, aluminum
and zinc. Similar tests are also planned
in which damage to witness plates beyond

the target will be evaluated,

7. Ewvaluation of the DRB398 HW3

Item | Ccpper Drawn Cones In Various
States of Manufacture.

A series of cones have been obtained
having varying geometric configurations.
These cones represent the various steps
in the deep drawing of the DRB398HW3
Item 1 copper cone, Six of the 8 drawing
stages ave included. A standoff and spin

program is planned.
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FUZES

Graze Sensitivity Of The T222 Fuze
Assembly

Methods for improving the sensitivity
of the T222*fuze assembly (see Fortieth
Progress Report, page 42) to ground and
graze impact are still being studied. The
Fortieth Progress Report contained the
test data for two experimental designs be -
ing considered. A third design, known
as the '""potted lucky'' design, was tested
this month, Seven nose caps containing
barium titanate crystals ''potted" in thin
aluminum caps were obtained from the
Sprague Electric Co, These nose assem-
blies were fitted to TII9E!l HEAT pro-
jectiles as shown in Fig, 13, and were
fired by Mr, Farrell of the Recoilless
Rifle Section, Development and Proof
Services, Aberdeen Proving Ground, Ten
standard TI9EIll rounds with grooved caps,
Fig. 14, werce fired as controls, Five pro-
jectiles of each type were f{ired against
homogeneous armor plate inclined at an
angle of 64.5% at a range of 400 feet, The
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surface was sloped away from the line
of fire, Five control rounds and two rounds
containing "potted luckies' were fired
from the BTD area to the 3600 yard area
at APG, the nominal distance of flight
being 4000 yards., Table XVI shows the re -
sults of the tests as reported unofficially
by an observer from The Firestone Tire &
Rubber Company.

.'he penetrations measured were 15,5
in. in each case, At long range, both
of the potted nose elements functioned
against soft earth, but none of the standard
rounds functioned. On the basis of this
small sample the rounds with "potted
lucky' nose cap assemblies appear to be
much superior in ground impact sensitivity
to the rounds equipped with grooved nose
caps,

A larger sarnple of "potted lucky' nose
cap assemUties will be tested at 4000 yards
and at graze impact at shorter ranges,

Fig. 13. TUI9ENl Ogive Assembly.
With Potted Nose Element.

* Any fuze systemn for a BAT HEAT round,
assembled by Firestone is designated
T222, regardless of component parts.
Fuze systems assembled into projectiles
at Firestone, using T298 base elements
and any of various nose element assem-
blies are still designated T222 with ap-
propriate dash number to signify the modi-
tication,

Fig. |14, Grooved Nose Cap.
For TIIEIL Projectile Tests.
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Table XVI
Grazo Seasitivity Tests

Rounds fired from a T-170 Rifle #3 at plate set at 64,5° at a range of 400 ft,

Projectile; PA E Penetration
Number | Lot No. | (inches) Hemarys
X1479 13907 14. 4
X1487 13907 16,4 TI119EIll Projectiles with
X1475 155907 14,1 '"potted lucky'',
X1481 13907 16,4
X1480 13907 16,4 Avg, 15,5
13875 13906 16,4
13877 13606 14,1 TI19EI1l Projectiles with standard
13878 13906 16.4 lucky and grooved nose cap.
13873 13906 16,4
13882 13906 14,1 Avg, 15,5

Rounds fired from BTD area to 9600 yard range using T-170 rifle #3,
(Nominal distance of projectile travel = 4000 yards).

Projectile Flevation | Detonation Hit Range in Blemar ks
Number {mils) on Impact Location Yards {Est.)
15881% 200 FTF** Not -- Lot PAE 13906
Otserved Grooved Cap
13874 190 FTF 9700 4100
13880 190 FTF 9350 3750
13879 190 FTF 9250 3650
13876 190 FTF 9275 3675
X1488 130 HO 9250 3620 Lot PAE 13907 with
X1483 190 HO | 9250 3650 potted lucky
*Probably an error in projectile number,
**FTF-=failed to detonate on striking ground.

T267E14 Fuze

All components for 100 T267E14 model
2 fuzes, Fig. 15, have been received.
Assembly has begun and test firings both
at Erie Ordnance Depot and Aberdeen
Proving Ground are planned for the near
future,

Drawings are completed for a fuze
having all the features of the T267EIl4
model 2 fuze but of a reduced size, A pilot
model will be fabricated for use in static

tests,

29

Premature Funclioning Of Electrically
Fuzed HEAT Shell

A conference held at Picatinny Arsenal
on methods for preventing prematures in
electrically fuzed HEAT shell lead to the
initiation of 2 program to devise a method
for producing prematures in rounds equipped
with Frankford Design D Crystals, A de-
vice for producing prematures in these
rounds has been designed and tests will be
made when projectiles become available,
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T317 MT Fuze

The point detonutor assembly for the
T317 MT is shown in Fig. 16 (DRD438).
The design of this assembly is based on
the point detonator assembly (Ordnance
Drawing FF4357) used with the M500 time
fuze, and is intended to produce a point
detonator whose arming initiation would
depend upon setback alone, and be in-
dependent of spin,

The arming of this point detonator is
contrclled by a three pin setback system,
such as that used in the Firestone Base
Element, which is described in the Eighth

Future

l, Test fire,for functioning evaluation,
T267E14 base elements at Erie Ordnance
Depot and Aberdeen Proving Ground,

2. Fire additional T119EIll projectiles,
equipped with "'potted luckies', at various
ranges to test ground impact sensitivity.

3. Cmtinue the development of a metknd
for producing prematures with rounds ¢~
quipped with the Frankford Design D Crys-
tals.

4. Using the premature producing de-
vice of (3) above,determine the minimum

Progress Report, After the third pin func-
tions, the spring-loaded detent pin is free
to move,releasing a spring-loaded brass
slider. The slider is guided to, and stop-
ped at, the armed position by the guide
screw, The M22 detonator is initiated
with the same firing pin assembly (FB31180)
used in the ordnance point detonator (FF
4357).

Component parts for ten timing move -
ments for the T317MT fuze have been
received, The gear train does not roll
as freely as desired and one assembly
is being analyzed with a shadowgraph
system,

Program

v)
31

resistance permissible in RC washers.

5. Test time fuze assemblies for func-
tioning using non-destructive laboratory
tests,

6. Test functioning of point detonators
with bursting screen firing.

7. Measure arming time of point deto-
nator.

8. Analyze operation and functioning
of :iming movement.
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MANUFATTURING SUMMARY

In addition to the experimental material
prepared for the research and develop-
ment work under contracts DA-33-019-
CRD-33 and DA-33-019-ORD-1202, de-
scribed in preceding progress reports
and in the nreceding pages of this re-
port, the following have been manufactured
and shipped to the installations indicaied.

Firestone's Defense Research Division,
in shipping these items, transfers custody
and control of the items to the receiving
agencies, However, personnel of De-
fense Research Division will continue
to collaborate with personnel of the other
installations,

I. Cartridges, HEAT, 106mm, M344 (T119E1l) Without

Fuzes T208E7
Prior to January 1, 1954
January 8, 1954
January 8, 1954
January 20, 1954
January 20, 1954
January 28, 1954
January 28, 1954

Total

II. Rifles, T170El for ONTOS

Prior to January 1, 1954
No Shipments in January

13,215 All Shipments
5090 (Inerk) Picatinny Arsenal
250 (Live) " L
500 (Inert) " L
250 (Live) " 3
500 (Inert)
250 (Live) " "

15,465

69 All Shipments

1III, Mounts, T173 and T26 Tripod for ONTOS

Prior to January 1, 1954

WS (GO 2 o s R e =
ANO oni1pInciw 1u4 Jd. iuali'y

22 All Shipments

IV, BAT Systems less Jeep, T170E} {M40) Rifle,
TI149E3 (M79) Mounts (with latesi modifications).

Prior to January 1, 1954 25
No Shipments in January

33
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DISTRIBUTION
NUMBERS INSTALLATION
Office, Chief of Ordnance
1 ORDTS
2 ORDTA
3 ORDTA-EM Fuze Section
4 ORDTX-AP
5 ORDTE
6 ORDTU
7 ORDGU-SE
8 CRDIM
9 Electric Mechanical Ordonance Division
Arsenals
10-19 incl. Frankford
20-21 Picatinny
22 Springheld Armory
23.29 Redstone
Ordnance Districts
25 Cleveland
Aberdeen Proving Grounci
26-27 Ballistics Research Laboratory
28 Developmesnt and Proof Services
Contractors
29-30 Frigidaire Div. Gen. Motors Corp.
31 Winchester Repeating Arms Co.
32 Remington Arms Co.
33 National Forge & Ordnance Co.
34-35 Midwest Research Institute
36-37 Armour Rescarch Foundation
38 Carnegie Institute of Technology
39 Arthur D. Littde Co.
40 The Budd Company
41 Franklin Institute
42 Chamberlain Corporation
43 American Machine and Foundry Co.
U. S. Navy
44 Burcau ot Navy Ordnance
45-16 Naval QOrdnance Laboratory,
White Qak
47-48 Naval Ordnance Test Station,
Inyokern
49 Nava! Proving Ground, Dahlgren

50-534 incl.

Document Centers

AST!A, Dayton, Chio

CONFIDENTIAL



AD= 026939
SECURITY REMARKING REQUIREMENTS
DOD S200.1~-Rv¢ DEC 78
REVIEW ON 28 JAN 74

00190



	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0044

